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http://dx.doi.org/10.1016/j.jds.2013.0Abstract Background/purpose: In the oral environment, enamel is continually exposed to
episodes of demineralization and remineralization through various masticatory activities.
During restorative procedures, it is a challenge to bond to enamel that may be altered. The
purpose of this study was to evaluate the effects of different remineralizing agents and
acid-etching pretreatments on the bond strength of two self-etching adhesives to enamel.
Materials and methods: Bovine incisors were mounted in auto-curing acrylic resin and the
enamel was flattened. Adhesive tape was used to cover half of the labial surface and the other
half was demineralized using lactic acid. Specimens were divided into four groups according to
the remineralization regimen: the first group was immersed in distilled water (control); the
second group was remineralized using natural saliva; the third group was remineralized using
fluoride containing Fluocal mouthwash; and the fourth group was remineralized using Tooth
Mousse, a casein-containing remineralizing agent,. In half of the groups, the enamel was
etched using phosphoric acid, and in the other half, the enamel was not etched. The G bond
or Adper Prompt L Pop self-etching bonding agent was used to bond the composite to the
enamel. The shear bond strength of specimens was tested, and the tooth restoration interface
was examined using scanning electron microscopy.
Results: The bond strength to enamel remineralized using Fluocal mouthwash or Tooth Mousse
was higher than the normal and natural saliva-remineralized enamel. Etching improved theof Operative Dentistry, Faculty of Dentistry, University of Tanta, Tanta, Egypt.
oo.com (A.I. Abdalla).
iation for Dental Sciences of the Republic of China. Published by Elsevier Taiwan LLC. All rights reserved.
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288 H. Elzuhery et albond strengths of self-etching bonding agents especially if the enamel was remineralized.
There was no statistically significant difference between the bond strengths of the two
bonding agents.
Conclusion: The use of a remineralizing agent had a positive effect on the bonding of self-
etching adhesive systems to enamel especially if preceded by etching.
Copyright ª 2013, Association for Dental Sciences of the Republic of China. Published by
Elsevier Taiwan LLC. All rights reserved.Introduction
Improving the adhesion of dental resins to human enamel is
the basis of modern cosmetic and conservative restorative
dentistry.1 Traditionally, enamel etching used phosphoric
acid at concentrations ranging 30e50%, for 15e60 seconds.
Infiltration of the adhesive resin into the microporosities
created by the etchant resulted in the formation of resin
tags, thus establishing micromechanical retention to
etched enamel. Although well-defined enamel etching
patterns and resin tag formation are not prerequisites for
achieving strong initial enamel bonds,2,3 they are associ-
ated with stability and an improved survival rate of enamel
bonds created in vivo.4,5
Another approach of bonding to tooth substrates without
phosphoric acid etching involves the use of self-etching
bonding systems. Their bonding mechanism is based on the
simultaneous etching and priming of enamel and dentin
without rinsing, forming a continuum in the substrate and
incorporating smear plugs into the resin tags.6,7 Self-
etching adhesives are classified into mild, moderate, and
aggressive, depending on the etching aggressiveness, the
acid dissociation constants (pKa values) of the acidic resin
monomers employed, and the concentration of these
monomers in the adhesives. A morphological study of
etched enamel surfaces demonstrated that applying some
self-etching adhesives did not create an etching pattern as
deep as did the application of 35e37% phosphoric acid.8
The concept of remineralization, as a recent treatment
for early incipient lesions, is growing, sparking the interest
and concern of many clinicians. Fluoride-containing and
nonefluoride-containing remineralizing agents are used to
counteract the effects of enamel demineralization. Several
clinical studies have revealed a positive effect of fluoride
mouth rinses as a public health preventive measure. Casein
phosphopeptide (CPP)eamorphous calcium phosphate
(ACP) nanocomplexes, as a nonefluoride-containing remi-
neralizing agent, demonstrate an anticariogenic potential,
where the CPP stabilizes and localizes the ACP at the tooth
surface, thereby buffering the plaque pH.9
The importance of enamel remineralizing agents and
techniques as a conservative approach for preventing and
treating enamel incipient caries is growing, and because of
the popularity and evolution of tooth-colored bonded res-
torations, the effects of these remineralizing agents on the
effectiveness of self-etching bonding systems on altered
enamel substrates deserve attention. Thus this study inves-
tigated the effects of different remineralization regimens,
the aggressiveness of self-etching bonding agents, and acid-
etching pretreatment on the interfacial morphology using
scanning electron microscopy (SEM), and microshear bondstrength to demineralized and remineralized enamel that is
considered an altered enamel substrate.
Materials and methods
Enamel was altered using a lactic acid demineralizing agent10
(prepared in the Department of Analytical Chemistry, Faculty
of Pharmacy, Cairo University, Cairo, Egypt) or remineralizing
agents. The remineralizing agents used were a fluoride-
containing remineralizing agent, Fluocal mouthwash (Alex-
andria Co. for Pharmaceuticals, Alexandria, Egypt), a casein-
containing remineralizing agent (Tooth Mousse; GC Corpora-
tion, Itabashi, Tokyo, Japan), and stimulated natural saliva.
The Filtek P60 resin composite (3M/ESPE Dental Products, St
Paul, MN, USA) was bonded to enamel using either amild self-
etching bonding agent, G-Bond (GC Corporation), or an
aggressive self-etching bonding agent, Adper Prompt L-Pop
(3M/ESPEDental Products). Prior etchingwas achieved using a
35% phosphoric acid etching agent, Scotch bond Etchant
(3M/ESPE Dental Products). Specimens were stored in artifi-
cial saliva between applications.11
For tooth selection, 48 bovine incisors were used. Roots
were removed with a slow-speed diamond disc (K6974;
Komet, Lemgo, Germany), the pulp was extirpated, and the
pulp chamber of each tooth was filled with cotton to avoid
penetration of the embedding medium.12
Each tooth was mounted in cold-cured acrylic resin,
using a rectangular metal split mold of dimensions
2.5 mm  2.0 mm  1.5 mm. Teeth were mounted such that
their labial surfaces were flush with the surface of the cold-
cured acrylic resin with the aid of a glass slab. The final
finish was accomplished by grinding on a wet 600-grit silicon
carbide paper grinder (TF250; Jean Wirtz, Du¨sseldorf,
Germany) until a sufficient area of flat enamel was
exposed. Prepared specimens were stored in distilled water
at room temperature until being used.12
Enamel alteration (Fig. 1)
Demineralization of specimens
In each specimen, half of the labial surfacewas covered with
adhesive tape applied longitudinally to either the mesial or
distal half. The other half was demineralized by immersion in
500 mL of a 0.1 M lactic acid solution for 3 days.10 After the
demineralization cycle, specimens were thoroughly rinsed
with distilled water, and the adhesive tape was removed.
Samples were grouped for remineralization cycles.
Remineralization of prepared specimens
The 48 prepared specimens were divided into four main
groups of 12 specimens each, according to the
Figure 1 Flow chart showing specimen grouping and preparation.
Bonding of self-etching adhesives to enamel 289remineralization regimen to which each group was sub-
jected. Remineralization regimens were applied to the
entire enamel surface regardless of whether it had been
demineralized or unaltered.
In the control group, specimens were kept in distilled
water at 4C.
In the second natural saliva group, specimens were kept
in natural saliva at 4C for 7 days. Every 24 hours, speci-
mens were removed, rinsed off using distilled water, and
then stored again in newly collected natural saliva from the
same individual.
In the third group, a fluoride-containing Fluocal mouth-
wash was applied, specimens were stirred for 3 minutes
four times daily for 7 days, rinsed off with distilled water,
kept in artificial saliva, and stored at 4C between appli-
cations. Artificial saliva was replenished every day.
In the fourth group, a CPPeACP complex cream (Tooth
Mousse) was applied to the enamel surface of specimens
using an applicator brush, left for 60 minutes daily for 7
days, rinsed off with an air-spray for 10 seconds,13 and then
kept in artificial saliva at 4C between applications.Bonding procedures (Fig. 1)
No extra acid pre-etching was done in six specimens. The
other six were etched using a 35% phosphoric acid gel. The
etchant was applied to the enamel surface for 15 seconds,
thoroughly rinsed off with air-water spray for 15 seconds,
and then dried with oil-free compressed air.
A bonding agent was applied to the entire enamel
surface. Materials were manipulated according to the
manufacturers’ instructions as described here.
In three specimens of each subgroup, G bond was
applied to the enamel surface using a disposable applicator,left for 10 seconds, and dried thoroughly for 5 seconds with
oil-free air to produce a continuous adhesive film. A poly-
ethylene tube with an internal diameter of 0.8 mm and a
height of 1 mm was firmly placed on the uncured self-
etching adhesive. The self-etching adhesive was light-cured
for 10 seconds. Filtek P60 composite resin was packed into
the bonded tube and light-cured for 20 seconds. Curing was
done using a Bluephase C5 LED visible light-curing unit
(Ivoclar Vivadent AG, Schaan, Liechtenstein) at a light in-
tensity of 500 mW/cm2 at zero distance.
For the three other specimens, Adper Prompt L-Pop was
massaged into the enamel surface for 15 seconds and dried
thoroughly with a gentle steam of air to a thin film. A
second coat was applied without massaging, and then
dried. A small piece of polyethylene tubing, with an inter-
nal diameter of 0.8 mm and a height of 1 mm, was firmly
placed on the uncured self-etching adhesive. The self-
etching adhesive was light-cured for 10 seconds. The Filtek
P60 resin composite was placed into the bonded tube and
light-cured as for the G bond group.Bond strength testing
After the bonding procedures, all specimens were placed in
distilled water for 24 hours.13 Each specimen had six bonded
resin composite cylinders: three bonded to the demineral-
ized half in the control group (distilled water) or deminer-
alized/remineralized half in the other three groups
(remineralization using natural saliva, fluoride mouth rinse,
or the CPPeACP cream). The other three were bonded to the
unaltered half in the control group (distilled water) or non-
demineralized enamel that was remineralized in the other
three groups (natural saliva, fluoride mouth rinse, or
CPPeACP cream). The specimen with the bonded resin
Table 1 Results of the regression analysis.
Source of variation Sum of squares d.f. Mean square f value P
Remineralizing agent 468.036 3 156.012 8.499 <0.001*
Bonding 18.016 1 18.016 0.981 0.324
Etching 689.523 1 689.523 37.564 <0.001*
Demineralization and remineralization cycling 388.409 1 388.409 21.160 <0.001*
Interactions among the four variables 447.058 3 149.019 8.118 <0.001*
*Significant at P  0.05.
d.f. Z degrees of freedom.
290 H. Elzuhery et alcomposite cylinder was secured by tightening screws to the
lower fixed compartment of a materials testing machine
(Model LRX-plus; Lloyd Instruments, Fareham, Hampshire,
UK), with a load cell of 5 kN, and data were recorded using
computer software (Nexygen-MT; Lloyd Instruments). A wire
loop prepared from an orthodontic stainless steel ligature
wire (0.014 mm in diameter) was wrapped around the
bonded resin composite cylinder assembly as close to the
base of the microcylinder as possible. The wire was aligned
with the loading axis of the upper movable compartment
of the testing machine. A shear load was applied via
the materials testing machine at a crosshead speed of
0.5 mm/minute. The load at which debonding occurred was
recorded in Newtons. The bond strength, expressed in MPa,
was calculated from the cross-sectional area of the resin
composite cylinder according to the following equation:
dZ P=pr2;
where d is the bond strength (MPa), P is the load at failure
(N), p is 3.14, and r is the radius of a composite micro-
cylinder (mm).
SEM testing
For the SEM (Isis Inovation Ltd, Summertown, Oxford, UK)
examination, one specimen from each group was prepared.
SEM examined the ultrastructural morphology of self-etching
adhesives to enamel after different surface treatments. For
each specimen, a section was cut perpendicular to the
enamel/resin interface using a slow-speed diamond disc,
under water lubrication. The cross-sectioned specimens
were finished and polished under water with OptiDiscTable 2 Mean and standard deviation (SD) results of the ANOVA
strength values of self-etching adhesives to enamel with and wit
Bonding agent Etching Remineralizing
agent
Control
G-Bond No etch Dem/Rem 23.92a  4.90
Rem 13.14  3.71
Etched Dem/Rem 18.51b  6.39
Rem 27.81a  5.12
Adper prompt L-Pop No etch Dem/Rem 13.41b  1.31
Rem 12.79  2.96
Etched Dem/Rem 10.04c  1.97
Rem 12.54b  3.23
*Significant at P  0.05.
ANOVA Z analysis of variance; Dem Z demineralization; Rem Z rem
Means with different letters [a or b or c] are statistically significantly(Kerr Corporation, Orange, CA, USA) resin composite finishing
and polishing discs from coarse, medium, fine, to extra-fine
grit. Debris was removed ultrasonically for 5 minutes in
distilledwater. Polished surfaceswereetched in the following
sequence: 6 mol% hydrochloric acid for 30 seconds, rinsed
thoroughly with distilled water, 5.25% sodium hypochlorite
for 10 minutes, rinsed thoroughly with distilled water, then
dried using 99% alcohol for 30 seconds. Specimens were
mounted on SEM stubs. Examination under SEMwas done at an
accelerating voltage of 25.0 kV and 1500 magnification.
Statistical analysis
Bond strength data were recorded, tabulated, and statis-
tically analyzed. Data are presented as the mean and
standard deviation. A regression analysis using a univariate
analysis of variance (ANOVA) tested the effect of reminer-
alizing agents, bonding agents, prior etching, remineraliz-
ing/demineralizing cycling, and their interactions on the
mean microshear bond strength of self-etching adhesives to
enamel. Duncan’s posthoc test was used to evaluate the
presence of significant differences between means when
the ANOVA test result was significant. The significance level
was set to P  0.05. The statistical analysis was performed
with SPSS 15.0 (SPSS Inc., Chicago, IL, USA) for Windows.
Results
Regression analysis results (Table 1) showed that
remineralizing agents, prior etching, demineralization/
remineralization cycling, and the interactions of the fourand Duncan’s test of comparisons between microshear bond
hout prior etching after different remineralization regimens.
Natural saliva Fluocal
mouthwash
Tooth Mousse P
12.12b  2.46 14.29b  5.21 15.36 b  7.60 0.016*
12.05  3.12 14.68  3.50 15.46  5.67 0.571
15.43b  3.18 26.15 a  6.66 23.30a  6.43 0.002*
11.14c  1.51 19.76 b  1.60 23.24b  1.80 <0.001*
27.66a  4.50 17.59 b  3.28 17.01b  4.37 <0.001*
11.08  2.47 15.20  4.03 12.02  1.56 0.176
16.71b  3.50 27.99a  2.15 26.43a  3.07 <0.001*
16.35b  2.19 20.35a  3.44 18.45a  4.85 0.019*
ineralization.
different.
Figure 2 Mean microshear bond strength values (MPa) for G
bond with different remineralizing agents.
Figure 3 Mean microshear bond strength values (MPa) for
Adper Prompt L-Pop with different remineralizing agents.
Bonding of self-etching adhesives to enamel 291variables had statistically significant effects on the mean
microshear bond strength. However, the type of bonding
agent had no statistically significant effect on the mean
microshear bond strength.
It is evident from Table 2 and Fig. 2 that using mildly
aggressiveG-Bondwithout prior etching produced thehighest
bond strength when used on demineralized enamel (repre-
senting incipient demineralized enamel lesions). The differ-
ence between the control and other groups was found to be
statistically significant (P Z 0.016). When remineralized
enamel was etched using phosphoric acid prior to the use of
mildly aggressive G bond, a statistically significantly higher
bond strength was recorded when the tooth was remineral-
ized using Fluocal mouthwash and Tooth Mousse compared to
the demineralized enamel and natural saliva-remineralized
enamel. The statistical analysis revealed no significant
difference between Fluocal mouthwash and Tooth Mousse.
As is evident from Fig. 3, on using the aggressive Adper
Prompt L-Pop self-etching adhesive without prior etching,
the highest bond strength was recorded for natural saliva-
remineralized enamel, which was statistically significantly
higher than the demineralized control enamel (incipient
lesions) and Fluocal mouthwash- and Tooth Mousse-
remineralized enamel (incipient remineralized lesions).
There was no statistically significant difference among the
control, Fluocal mouthwash, and Tooth Mousse (P > 0.05).
With etched enamel, the bond strength of Adper Prompt
L-Pop statistically significantly decreased for demineralized
incipient enamel lesions compared to the natural saliva-
remineralized group. The statistical analysis revealed no
statistically significant differences between bonds to Fluo-
cal mouthwash- and Tooth Mousse-remineralized groups
that showed statistically significantly higher bond strengths
to enamel than the other two groups.
Table 3 and Fig. 4 show that Fluocal mouthwash and
Tooth Mousse increased the bond strength to remineralizedTable 3 Effect of remineralizing agents on the mean microshe
Control Natural
saliva
Fluoca
mouthw
16.52  7a 15.32  5.9a 19.5 
*Significant at P  0.05.
Data are presented as mean  SD.
a Means differ significantly.enamel. The increase was statistically significantly higher
compared to the control and natural saliva groups. There
was no statistically significant difference between Fluocal
mouthwash- and Tooth Mousse-remineralized groups.
In Table 4 and Figs. 5 and 6, etching was generally found
to have statistically significantly increased the bond
strength of self-etching bonding agents bonded to enamel
remineralized using either the fluoride-containing mouth-
wash or Tooth Mousse.SEM results
SEM micrographs of the current study revealed that some
resin/enamel interface samples exhibited enamel cohesive
failure, which usually occurred in demineralized enamel
samples, regardless of the type of remineralizing agent or
self-etching adhesive system used (Figs. 7 and 8). In addi-
tion, obvious resin tags were evident in enamel samples that
were etched prior to application of the self-etching adhesive
(Figs. 9 and 10). The length and number of resin tags were
independent of the aggressiveness of the self-etching ad-
hesive system used (Figs. 10e12). By contrast, the aggres-
siveness of the self-etching system had an effect on the
adhesive layer thickness at the resin/enamel interface.
Enamel samples bonded to the mild G-bond self-etching
adhesive system showed a large adhesive layer thickness
at the enamel/resin interface. The adhesive layer was
not evident or was small with the aggressive Adper Prompt
L-Pop self-etching adhesive system (Figs. 13 and 14).Discussion
In this study, we evaluated the effects of different remi-
neralization regimens, the aggressiveness of the self-ar bond strengths of bonding systems to enamel.
l
ash
Tooth Mousse P
6.1a 18.91  6.9a <0.001*
Figure 4 Overall effect of the remineralizing agent on the
mean microshear bond strength of bonding systems to enamel.
Figure 5 Mean microshear bond strength values (MPa) for
the Fluocal mouthwash-treated group with different etching
regimens.
292 H. Elzuhery et aletching adhesives, and acid-etching pretreatment on the
bond strength to enamel.
The test method, substrate material, and operator
variability are factors known to affect bond strength test
outcomes. In the present study, bovine teeth were used for
bond strength testing. Bovine teeth proved to be possible
substitutes for human teeth for both dentin and enamel
bond testing. They were shown to have a mineral distri-
bution similar to that of human enamel.14 The microshear
bond strength was chosen, as it is considered a reliable
parameter for assessing the interfacial bond strength be-
tween an adhesive and enamel. In fact, over the small
cross-section of microshear specimens, a more-uniform
stress distribution is expected to occur. Another advan-
tage of the micro-shear method is that multiple specimens
can be obtained from one tooth, thus reducing the number
of teeth necessary to obtain a dataset with a sufficient
statistical power.15 Self-etching adhesives were chosen in
the current study according to their aggressiveness. G-Bond
represented a mild self-etching adhesive, with a pH of
about 2. Adper Prompt L-Pop represented an aggressive
self-etching adhesive, with a pH of 1.16 In the current
study, demineralization/remineralization cycles were con-
ducted to mimic clinical caries activity: periods of cariesTable 4 Effect of etching on the mean microshear bond streng
Remineralizing agent Bonding Etching Dem/Rem cy
Control G-Bond Dem/Rem
Rem
L-Pop Dem/Rem
Rem
Saliva G-Bond Dem/Rem
Rem
L-Pop Dem/Rem
Rem
Fluocal G-Bond Dem/Rem
Rem
L-Pop Dem/Rem
Rem
Tooth Mousse G-Bond Dem/Rem
Rem
L-Pop Dem/Rem
Rem
Data are presented as mean  SD. Dem Z demineralization; Rem Z
* Significant at P  0.05.activity with active enamel mineral loss, followed by
periods of inactive caries activity with enamel mineral gain
from natural saliva or topically applied remineralizing
agents. Artificial saliva was used as a storage medium be-
tween different applications.17 This was in order to mimic
conditions in the oral cavity. The formula used was fluoride-
free to eliminate the effect of the fluoride content. The
difference in the degree of demineralization was not
measured, as the initial mineral content of enamel can vary
from area to area on the same tooth and from animal to
animal. However, the variation was limited by using the
same tooth for multiple specimens.
Results of the current study show that there was no
statistically significant difference between Fluocal mouth-
wash and Tooth Mousse, which showed statistically signifi-
cantly higher mean microshear bond strengths compared to
the natural saliva and control groups. Application of Fluocal
mouthwash led to formation of fluoroapatite, while appli-
cation of Tooth Mousse created a super-saturated state of
calcium and phosphate ions on the enamel surface. Both
remineralizing agents led to increased minerals on the
enamel surface, thus providing a large amount of inorganicth of bonding systems to enamel.
cling No etching Scotch bond P
23.92  4.90 18.51  6.39 0.171
13.14  3.71 27.81  5.12 0.001*
13.41  1.31 10.04  1.97 0.053
12.79  2.96 12.54  3.23 0.900
12.12  2.46 15.43  3.18 0.103
12.05  3.12 11.14  1.51 0.574
27.66  4.50 16.71  3.50 0.003*
11.08  2.47 16.35  2.19 0.007*
14.29  5.21 26.15  6.66 0.014*
14.68  3.50 19.76  1.60 0.018*
17.59  3.28 27.99  2.15 <0.001*
15.20  4.03 20.35  3.44 0.062
15.36  7.60 23.30  6.43 0.026*
15.46  5.67 23.24  1.80 0.019*
17.01  4.37 26.43  3.07 0.004*
12.02  1.56 18.45  4.85 0.022*
remineralization.
Figure 6 Mean microshear bond strength values (MPa) for the
Tooth Mousse-treated group with different etching regimens.
Figure 8 Scanning electron micrograph (1500) of resin/
enamel interface of demineralized/remineralized enamel with
Tooth Mousse bonded by Adper Prompt L-Pop after phosphoric
acid etching. Cohesive fracture in enamel (arrow).
E Z enamel; R Z resin composite.
Bonding of self-etching adhesives to enamel 293content, which was dissolved in a variable manner by the
action of acidic monomers of the self-etching adhesives or
by the action of phosphoric acid-etching pretreatment.
Consequently, increasing the surface roughness and irreg-
ularities and subsequently increasing the surface area of
the enamel would ready it for adhesive resin penetration.
These results were in agreement with those of another
investigation.18 This was emphasized in SEM photomicro-
graphs of the resin/enamel interface which depicted
obvious resin-tag formation in remineralized enamel sam-
ples with both the Fluocal mouthwash and Tooth Mousse,
especially following etching.
Results show that there was no statistically significant
difference between the mean microshear bond strengths of
G-Bond and Adper Prompt L-Pop to enamel. Although G-Bond
is a 2-hydroxyethyl methacrylate (HEMA)-free self-etching
adhesive and Adper Prompt L-Pop is a HEMA-containing self-
etching adhesive, the effect was considered negligible
because bonding to the enamel does not require hydrophilic
components found in HEMA to assure wettability compared
to bonding to dentin. In addition, phosphorate ester is the
main component of G-Bond and Adper Prompt L-Pop. This
ester affects the enamel during etching and adhesion, as
mentioned by the manufacturers of both self-etchingFigure 7 Scanning electron micrograph (1500) of resin/
enamel interface of demineralized enamel bonded by G-Bond
without etching (control). Cohesive fracture in enamel (arrow).
E Z enamel; R Z resin composite.adhesive systems. SEM photomicrographs of the resin/
enamel interface depict that neither the resin tag length nor
bond strength was correlated with the degree of aggres-
siveness of the self-etching adhesive as shown Figs. 5 and 6.
This is in accordance with other studies.19,20
By contrast, results from Lopes et al21 and Brackett
et al22 contrasted with those of the current study. Lopes
et al21 found that Clearfil SE Bond mild self-etching adhe-
sive showed a similar enamel bond strength compared to a
total-etching system. Meanwhile, it had a higher bond
strength than the Adper Prompt L-Pop aggressive self-
etching adhesive. In addition, Brackett et al22 found that
the aggressive self-etching adhesives of Prompt L-Pop, Xeno
III, and iBond demonstrated significantly lower bond
strengths than the mild self-etching adhesive of Clearfil SE
Bond, which revealed statistically significant differencesFigure 9 Scanning electron micrograph (1500) of the resin/
enamel interface of untreated enamel bonded by Adper
Prompt L-Pop without etching (control). An intimate enamel
composite interface is evident. E Z enamel; R Z resin
composite.
Figure 10 Scanning electron micrograph (1500) of the
resin/enamel interface of untreated enamel bonded by Adper
Prompt L-Pop after phosphoric acid etching (control). Resin
tags are evident (arrow). E Z enamel; R Z resin composite.
Figure 12 Scanning electron micrograph of the resin/enamel
interface of demineralized/remineralized enamel with Tooth
Mousse bonded by G-Bond after phosphoric acid etching.
Numerous resin tags are obvious (arrow). E Z enamel;
R Z resin composite.
294 H. Elzuhery et alfrom Scotchbond Multi-Purpose. However, the adhesive
systems they compared differed from the bonding agents
used in the present study.
In the current study, etching increased the microshear
bond strengths of self-etching adhesives to enamel that was
remineralized using a fluoride-containing mouthwash and
casein-containing Tooth Mousse. This could have been due
to the effect of 35% phosphoric acid etching prior to
application of the self-etching adhesive. Bonding to enamel
requires dissolution of its inorganic components with the
use of acids to produce irregularities or microporosities in
which the bonding resin can penetrate and create me-
chanical interlocking. Following application of both remi-
neralizing agents, deposition of calcium and phosphate on
the enamel surfaces may have occurred, and the subse-
quently remineralized enamel may have been more resis-
tant to acid demineralization. Therefore, remineralized
enamel might not be readily etched by self-etchingFigure 11 Scanning electron micrograph (1500) of the
resin/enamel interface of untreated enamel bonded by Adper
Prompt L-Pop after phosphoric acid etching (control). Resin
tags are evident (arrow). E Z enamel; R Z resin composite.adhesives compared to untreated enamel. These results are
in agreement with other researchers.13,23,24 In addition,
phosphoric acid, by increasing the surface free energy of
the enamel, may promote the wettability of the adhesive
on the enamel and in this way, enhance bonding. Armengol
et al25 reported a high-surface free energy of enamel after
phosphoric acid compared to laser etching. This was also
emphasized in SEM micrographs of the resin/enamel inter-
face, which depicted that pretreating enamel with phos-
phoric acid led to further deepening of the etching pattern
that was consistent with the increase in length of the tag-
like structures, with a subsequent increase in the bond
strength. This is in agreement with another study.26 How-
ever, results of a study by Perdiga˜o et al2 contrasted with
those of the present study. They found that preconditioning
untreated enamel did not affect the bond strength recor-
ded for a self-etching primer adhesive system. They alsoFigure 13 Scanning electron micrograph (1500) of the
resin/enamel interface of remineralized enamel with natural
saliva bonded by G-Bond without etching. The adhesive layer is
thick (arrow). E Z enamel; R Z resin composite.
Figure 14 Scanning electron micrograph (1500) of the
resin/enamel interface of remineralized enamel with natural
saliva bonded by Adper Prompt L-Pop without etching. The
adhesive layer is thin (arrow). E Z enamel; R Z resin
composite.
Bonding of self-etching adhesives to enamel 295found that there was no difference in shear bond strengths
of a self-etching primer adhesive to untreated enamel
preconditioned with 37% phosphoric acid, 10% maleic acid,
or 2.5% nitric acid. However, the enamel substrate in the
present study differed from that in their study.
Acid-etching improves the immediate bonding to
enamel. However, cohesive failure in the enamel might
compromise the long-term durability of the adhesive bond.
In conclusion, the use of remineralizing agents had a
positive effect on bonding of self-etching adhesive systems
to the enamel especially if preceded by etching. Moreover,
both tested remineralizing agents (fluoride- and casein-
containing agents) had similar effects on the shear bond
strength of the resin composites. In addition, phosphoric
acid pretreatment of the enamel is recommended prior to
bonding procedures of mild or aggressive self-etching ad-
hesive systems especially if the enamel is remineralized
using remineralizing agents, such as Tooth Mousse.References
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